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Why Measure Pion Scattering?
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Pion Absorbed in Nucleus Pion Absorbed in Detector

Final State Interactions (FSI) Secondary Interactions (Sl)
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a-Nucleus Interactions
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Charge Exchange Absorption

N -- Nucleons + Nuclear Fragments
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a-Nucleus Interactions
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Double Charge Exchange Pion Production

N -- Nucleons + Nuclear Fragments
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Liquid Argon In A Testbeam -- LArIAT

Repurposed Argoneut TPC placed
IN a testbeam at FNAL

Anode wire planes:

Liquid Argon TPC
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Egrife ~ SO0V/cm

Thesis, Elena Gramellini, Yale 2018



Jake Calcutt 13

LArTPC Cross Sections -- Thin Slices

e Estimate the energy at each slice

(using calorimetry info)
o Fill the Incident histogram (bottom) for
each slice's energy
e Determine interaction point
o Passes signal selection?
m Fill Interacting (top) histogram

Kinetic Energy
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LArIAT Selection 14

Recent thesis results (next page) for total m* - Ar o

Note: Inefficiency for reconstructing low-angle scatters (< 5°)

Elastic Scattering Candidate Inelastic Scattering Candidate 7 Production thdidate

Es
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Absorption Candidate (5t -> 3p)

mt+ Ar-> X*+ N

e

LArIAT Data

Thesis, Elena Gramellini, Yale 2018

Inelastic includes DCEX
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LArAT Preliminary
e FTFP_BERT Gean# Predicfion True Angle > 5.0 Deg

.| ——e—— Combined Datasets (Stat. ® Syst Unc.)
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LArIAT Preliminary
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ProtoDUNE -- Current Analysis Work 20

Combined Absorption + Charge Exchange (my work)
Abs. can probe NN + multinucleon (per Jerry Miller’s talk)
Signal: no charged pions in final state (proton-like tracks ok)

Need to redefine/refine measurement?

Not sensitive to multiple ° (small fraction) and below-threshold ar*

What is good for theorists/model builders? (Discussion)
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ProtoDUNE -- Current Analysis Work

Separate Absorption + Charge Exchange

Extension on previous slide. Requires good ability on identifying m°
showers, then get the separate cross sections ‘for free’

Can then categorize the absorption events by proton multiplicity

Neutrons could be difficult to tag -- possibly preventing any
categorization by neutron multiplicity
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Future Measurements (ProtoDUNE) -

|

What do theorists/model builders want?
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Thanks For Listening
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Backup Slides
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Cascade Models
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Neutrino event generators and
particle transport simulations

Hadrons take a series of steps
throughout the nucleus

e Possibility of interaction

Interaction occurs: the products
are added to the ‘stack’ of active
particles

Process repeats until all active
particles are absorbed or leave
nucleus
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ProtoDUNE

28.575 m Preliminary

Cerenkov Detectors

Bea line Trigger




ProtoDUNE Beam Run + Stats
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Beam Momentum (GeV/c) Estimated Pi-Like Beam Triggers
0.5 1.5k
1 381 k
2 333 k
3 284 k
6 394 k
7 343 k




Jake Calcutt
29

GeantReweight
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GeantReweight 20

Package to handle systematics related to pion scattering by:

1. Fitting Geant4 predictions to external data
2. Reweighting Geant4 tracks given some variation to the interaction
Cross sections

https://cdcvs.fnal.gov/redmine/pbrojects/geant4reweight/



https://cdcvs.fnal.gov/redmine/projects/geant4reweight/
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GeantReweight 35

Consider a variation to the inelastic cross cross section: o> o’

Within a track: the pion takes steps with a change of udnergoing an
Inelastic interaction each step

e Real process choice is relatively complicated
e But for these purposes, can be approximated as
a) ~ o b)pP. ~1-et°

no inter inter

If a pion track ends without an inelastic interaction (i.e it leaves the
tracking region, or undergoes a different process, etc.) assign weights for
all steps of form a v
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GeantReweight 36

Consider a variation to the inelastic cross cross section: o> o’

Within a track: the pion takes steps with a change of udnergoing an
Inelastic interaction each step

e Real process choice is relatively complicated
e But for these purposes, can be approximated as
a) ~ o b)pP. ~1-et°

no inter inter

If 2 pion track ends with an inelastic interaction, assign weights for all
steps before the last of form a, replace last with b
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